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FOCUSED ION BEAM SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to a focused ion beam 
system Which is suitable for use in fabricating a specimen for 
a transmission electron microscope (TEM), a scanning elec 
tron microscope (SEM), and the like, and more particularly, 
to a focussed ion beam system Which is suitable for creating 
a specimen for TEM. 

The TEM and SEM have been used for analyZing semi 
conductor devices, and a focused ion beam system has been 
utiliZed for processing materials With a focussed ion beam to 
fabricate specimen therefor. The focused ion beam system is 
con?gured to share a specimen holder With TEM or SEM. 
Speci?cally, the focused ion beam system can removably 
mount a TEM specimen holder or a SEM specimen holder. 
Therefore, after a specimen has been fabricated by the 
focussed ion beam system, the specimen holder can be 
removed from the focussed ion beam system, With the 
resulting specimen held therein, and mounted to the TEM or 
SEM for observing the specimen. 

E. C. G. Kirk et al, for example, has described a method 
of creating a specimen for TEM using a focussed ion beam 
system and a side entry stage in Microscopy of Semicon 
ducting Materials 1989, Institute of Physics Series No. 100, 
pp. 501—506. 

For the SEM, specimen can be created by simple Works. 
A specimen piece for observation by SEM has dimensions 
on the order of several centimeters for IC chips, Wafers, and 
the like. Therefore, the SEM excels in the ease of handling 
a specimen because the specimen can be readily carried on 
a specimen holder (see JP-A-2002-319364). The SEM, 
however, has the disadvantage of a low resolution. 

The TEM, though having a high resolution, involves 
dif?cult Works for creating specimen. A specimen piece for 
observation by the TEM must be ?nished on the order of 
several millimeters. Thus, the operator experiences dif?cul 
ties in mounting a cut-out miniature specimen piece in a 
specimen holder. Since the small specimen piece itself 
causes dif?culties in handling, the operator is highly likely 
to drop, lose, or damage the specimen piece. In addition, 
dif?culties are also encountered in cutting out a specimen 
piece including a site under observation, leading to a long 
time taken for fabricating such a specimen piece. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a focused 
ion beam system Which is capable of creating a specimen for 
observation by a TEM, and facilitating Works for mounting 
the specimen in a specimen holder associated With the TEM. 

According to the present invention, a focused ion beam 
system includes a specimen chamber, an FIB column dis 
posed in the specimen chamber, a SEM stage disposed in the 
specimen chamber and having a SEM specimen holder, a 
side entry stage and a TEM specimen holder disposed along 
an x-axis direction of the specimen chamber, and a micro 
sampling manipulator and a SEM holder exchanger chamber 
disposed along a y-axis direction of the specimen chamber. 
A miniature specimen piece can be cut out from a speci 

men held by the SEM specimen holder, and transported to 
the TEM specimen holder. 

Other objects, features and advantages of the invention 
Will become apparent from the folloWing description of the 
embodiments of the invention taken in conjunction With the 
accompanying drawings. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional vieW illustrating a 
conventional focused ion beam system Which is equipped 
With a side entry stage; 

FIG. 2 is a longitudinal sectional vieW illustrating a 
conventional focused ion beam system Which is equipped 
With a specimen moving stage; 

FIG. 3 is a perspective vieW illustrating the appearance of 
a focused ion beam system according to the present inven 
tion; 

FIG. 4 is a cross-sectional vieW of the focused ion beam 
system according to the present invention, taken along an 
xZ-plane, illustrating the relationship betWeen the specimen 
moving stage and side entry stage during ion beam process 
ing; 

FIG. 5 is a cross-sectional vieW of the focused ion beam 
system according to the present invention, taken along an 
xZ-plane, illustrating hoW a miniature specimen piece cut 
out from a specimen is transferred to a TEM specimen 
holder after the ion beam processing; 

FIG. 6 is a cross-sectional vieW, taken from a direction 
indicated by an arroW A in FIG. 4, illustrating the structure 
of the focused ion beam system according to the present 
invention; 

FIG. 7 is a cross-sectional vieW, taken from a direction 
indicated by an arroW B in FIG. 4, illustrating the structure 
of the focused ion beam system according to the present 
invention; 

FIG. 8 is a cross-sectional vieW, taken from a direction 
indicated by arroWs C in FIG. 6, illustrating the structure of 
the focused ion beam system according to the present 
invention; and 

FIG. 9 shows how a miniature specimen piece is cut out 
from a specimen on the specimen moving stage, and trans 
ferred to and placed on the TEM specimen holder. 

DESCRIPTION OF THE INVENTION 

Referring noW to FIG. 1, description Will be made on the 
con?guration of a focused ion beam system Which is 
mounted With a TEM specimen holder. The illustrated 
focused ion beam system comprises a specimen chamber 2; 
an FIB column 3 disposed above the specimen chamber 2; 
a side entry stage 10 disposed along an x-axis direction; a 
secondary electron detector 4 for detecting secondary elec 
trons; and vacuum pumps 5a, 5b and 6a, 6b for evacuating 
the specimen chamber 2 and FIB column 3, respectively. 
The side entry stage 10 includes a specimen holder 11 for 

holding a specimen 1 (hereinafter called the “TEM specimen 
holder”); an x-micromotion driver 12a for moving the 
specimen 1 in the x-direction; and a yZt-micromotion driver 
12b having a tilt mechanism for moving the specimen 1 in 
the y- and Z-directions (optical axis) and rotating the speci 
men 1 about a tilt axis. The x-micromotion driver 12a and 
yZt-micromotion driver 12b are mounted on opposing side 
surfaces of the specimen chamber 2, respectively, such that 
the yZt-micromotion driver 12b opposes the x-micromotion 
driver 12a. The specimen 1 is carried at a leading end of the 
TEM specimen holder 11. 
The TEM specimen holder 11 is introduced into or 

extracted from the yZt-micromotion driver 12b. The yZt 
micromotion driver 12b is provided With a vacuuming 
mechanism Which enables the TEM specimen holder 11 to 
be introduced into or extracted from the yZt-micromotion 
driver 12b Without opening the specimen chamber 2, Which 
is held in vacuum 2, to the atmosphere. The TEM specimen 
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holder 11 inserted into the yZt-micromotion driver 12b is 
draWn into the specimen chamber 2 by the attractive force of 
vacuum, and is kept in press contact With the x-micromotion 
driver 12a at all times to folloW movements of the x-mi 
cromotion driver 12a. 
An ion beam from the FIB column 3 is irradiated to the 

specimen 1 from Which secondary electrons are generated. 
The secondary electrons can be detected by the secondary 
electron detector 4 to produce a SIM (Scanning Ion Micro 
scope) image for observing the shape on the surface of the 
specimen 1. The energy of the ion beam should be increased 
When the surface of the specimen 1 is processed. 

After creating a specimen for observation by the TEM, the 
TEM specimen holder 11 Which carries the created specimen 
is WithdraWn from the yZt-micromotion driver 12b, and 
inserted into the yZt-micromotion driver of the TEM for 
observation. 

Referring next to FIG. 2, description Will be made on the 
con?guration of the focused ion beam system Which is 
mounted With a SEM specimen holder. This focused ion 
beam system comprises a specimen chamber 2; an FIB 
column 3 disposed above the specimen chamber 2; a speci 
men moving stage 20 and a SEM holder exchanger chamber 
28 disposed along the x-axis direction; a secondary electron 
detector 4 for detecting secondary electrons; and vacuum 
pumps 5a, 5b and 6a, 6b for evacuating the specimen 
chamber 2 and FIB column 3, respectively. 

The specimen moving stage 20 comprises a specimen 
holder 21 for holding a specimen 1 (hereinafter called the 
“SEM specimen holder”); an x-table 22 for moving the 
specimen 1 in the x-direction; a y-table 23 for moving the 
specimen 1 in the y-direction; a Z-table 24 for moving the 
specimen 1 in the Z-direction (optical axis direction); a tilt 
table 25 for obliquely rotating the specimen 1 about an axis 
parallel With the x-axis; and a rotation table 26 for rotating 
the specimen 1 about the Z-axis. 

The SEM specimen holder 21 is introduced into and 
extracted from the focused ion beam system through the 
SEM holder exchanger chamber 28. This enables the SEM 
specimen holder 21 to be introduced into or extracted from 
the focused ion beam system Without opening the specimen 
chamber 2, Which is held in vacuum, to the atmosphere. 

The SEM specimen holder 21, Which holds the specimen 
1, is mounted on the specimen moving stage 20 through the 
SEM holder exchanger chamber 28. The specimen 1 is 
irradiated With an ion beam on its surface to make a hole to 
expose a site under observation. After the processing, the 
SEM specimen holder 21 is extracted from the focused ion 
beam system through the SEM holder exchanger chamber 
28, and mounted in a SEM. Speci?cally, the SEM specimen 
holder 21 is mounted on the specimen moving stage 20 
Within the specimen chamber 2 through the specimen 
exchange mechanism of the SEM. The bottom of the hole 
can be observed Without moving the specimen 1, Whereas 
the side Wall of the hole can be observed by tilting the tilt 
table 25. 

FIG. 3 illustrates the appearance of the focused ion beam 
system according to one embodiment of the present inven 
tion. The x-axis, y-axis, and Z-axis are de?ned as illustrated 
for purposes of explanation. The focused ion beam system in 
this embodiment comprises a specimen chamber 31; an FIB 
column 32 disposed above the specimen chamber 31; a side 
entry stage 33 and a TEM specimen holder 34 disposed 
along the x-axis direction; a micro-sampling manipulator 35 
and a SEM holder exchanger chamber 37 disposed along the 
y-axis direction; a deposition system 36; and a secondary 
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4 
electron detector 38. The side entry stage 33 includes an 
x-micromotion driver 33a, and a yZt-micromotion driver 
33b. 

The focused ion beam system of this embodiment gener 
ally has the side entry stage 10 of FIG. 1 incorporated in the 
focused ion beam system of FIG. 2. Therefore, the side entry 
stage 33 and TEM specimen holder 34 in this embodiment 
correspond to the side entry stage 10 and TEM specimen 
holder 11 in FIG. 1, respectively, While the SEM holder 
exchanger chamber 37 in this embodiment corresponds to 
the SEM holder exchanger chamber 28 in FIG. 2. 

Referring noW to FIG. 4, description Will be made on the 
con?guration of the focused ion beam system in this 
embodiment. FIG. 4 is a cross-sectional vieW taken in the 
xZ-plane, illustrating the con?guration of the focused ion 
beam system in this embodiment. A SEM stage 100 is 
disposed in the specimen chamber 31. As mentioned above, 
the SEM stage 100, Which corresponds to the specimen 
moving stage 20 in FIG. 2, has a stage frame substantially 
in an L-shape, Which is composed of a bottom plate 110a, 
and side plates 110b perpendicular to the bottom plate 110a. 
The bottom plate 110a of the stage frame is ?xed on a base 
102 attached to the bottom of the specimen chamber 31. 
The SEM stage 100 comprises a specimen holder 130 for 

holding a specimen 10 (hereinafter called the “SEM speci 
men holder”); an x-table 140, a y-table 150, and a Z-table 
160 for moving the specimen 10 in the x-direction, y-direc 
tion, and Z-direction, respectively; a rotation table 170 for 
rotating the specimen 10 about the Z-axis; and a tilt table 180 
for rotating the specimen 10 about an axis parallel With the 
x-axis. 
As mentioned above, the x-axis, y-axis, and Z-axis are set 

in the focused ion beam system. Therefore, When the tilt 
table 180 is tilted, by Way of example, the y-table 150 and 
Z-table 160 move along axes Which are oblique to the y-axis 
and Z-axis, respectively. HoWever, for convenience of expla 
nation, it is assumed that the x-table 140, y-table 150, and 
Z-table 160 move in directions in Which the tilt table 180 
presents a tilt angle of Zero degree. 

The tilt table 180 has a rotating axis set to pass the 
intersection of the surface of the specimen 10 With the Z-axis 
(optical axis). This setting provides an eucentric structure 
Which permits the vieWing ?eld of the microscope to remain 
?xed even if the tilt table 180 is rotated to tilt the specimen 
10. 
The Z-table 160, Which is made of a ?at plate arranged 

perpendicular to the x-axis, is coupled to a side plate 110b 
of the stage frame 110 through cross-roller bearings 161a. 
161b. As illustrated in FIG. 7, the Z-table 160 can be 
transported by a feeding action of the Z-screW 162a and a 
Z-nut 162. The Z-screW 162a has both ends supported by ball 
bearings 166a, 166b, and attached to the Z-table 160 With a 
bearing housing 167. The Z-screW 162 has one end coupled 
to a DC motor 169 through a coupling 168, Where the DC 
motor 169 is attached to the bottom plate 110a of the stage 
frame 110. The Z-table 160 is guided by the cross roller 
bearings 161a, 161b to move in the Z-direction by driving 
the DC motor 169 to rotate the Z-screW 162a, causing the 
sample 10 to move in the Z-direction. 
The tilt table 180, Which has a cross-section substantially 

in an L-shape, is made up of a bottom plate 180a, and side 
plates 180b perpendicular to the bottom plate 180a. A tilt 
shaft 181 is attached to the side plate 180b in parallel With 
the x-axis, and is rotatably coupled to the Z-table 160 
through ball bearings 183a, 183b. As illustrated in FIG. 7, a 
Worm Wheel 182a is attached to the tilt shaft 181, and a 
Worm gear 182b, Which mates With the Worm Wheel 182a, 
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is supported by ball bearings 186a, 186b, and attached to the 
Z-table 160 With a bearing housing 187. A spur gear 188a is 
attached to one end of the Worm gear 82b, and is meshed 
With a spur gear 188b attached to an output shaft of the DC 
motor 189. The DC motor 189 is attached to the Z-table 160. 
The DC motor 189 is driven to rotate the Worm Wheel 182a 
and Worm gear 182b, thereby causing rotations of the tilt 
shaft 181 to tilt the specimen 10. The tilt shaft 181 includes 
a holloW area 181a. 

The y-table 150 is attached to the bottom plate 180a of the 
tilt table 180 through cross roller bearings 151a, 151b. As 
illustrated in FIG. 6, the y-table 150 is transported by a 
feeding action made by a y-ball screW 152a and a y-nut 
152b. The y-nut 152b is ?xed on the y-table 150. The y-ball 
screW 152a has both ends supported by ball bearings 156a, 
156b, and is attached to the bottom 180a of the tilt table 180 
With bearing housings 157a, 157b. 
ADC motor 159 is coupled to one end of the y-ball screW 

152a through a coupling 158, and is attached to the tilt table 
180. The y-table 150 is guided by the cross roller bearings 
151a, 151b to move the specimen 10 in a direction perpen 
dicular to the x-axis by driving the DC motor 159 to rotate 
the y-ball screW 152a. 
As illustrated in FIG. 6, the x-table 140 is attached to the 

y-table 150 through the cross roller bearings 141a, 141b. As 
illustrated in FIG. 8, the x-table 140 is transported by a 
feeding action made by the x-ball screW 142a and x-nut 
142b. The x-nut 142b is ?xed to the x-table 140. The x-ball 
screW 142a has both ends supported by bearings 146a, 146b, 
and is attached to the y-table 150 With a bearing housing 
147. Aspur gear 148a is attached to one end of the ball screW 
142a, While a spur gear 148b, Which meshes With the spur 
gear 148a, is coupled to an output shaft of the DC motor 149 
Which is ?xed on the y-table 150. 

The x-table 140 is guided by cross roller bearings 141a, 
141b to move in the x-direction to transport the specimen 10 
in the x-direction by driving the DC motor 149 to rotate the 
x-ball screW 142a. 

The rotation table 170 is rotatably coupled to the x-table 
140 through ball bearings 173a, 173b. A Worm Wheel 172a 
is attached to the rotation table 170, While a Worm gear 172b 
has both ends supported by ball bearings 176a, 176b, and is 
attached to the x-table 140 With bearing housings 177a, 
177b, as illustrated in FIG. 6. ADC motor 179 is coupled to 
one end of the Worm gear 172b through a coupling 178. The 
DC motor 179 is attached to the x-table 140. The rotation 
table 170 is rotated to rotate the specimen 10 by driving the 
DC motor 179 to rotate the Worm gear 172b and Worm Wheel 
172a. 

Arotary encoder is mounted on the back of each of the DC 
motors 149, 159, 169, 189 for driving the x-table 140, 
y-table 150, Z-table 160, and tilt table 180, respectively. For 
the rotation table 170, a rotary encoder is mounted to one 
end of the Worm gear 172b. These rotary encoders detect the 
positions, tilt angles, rotating angles of the associated tables 
for positioning of the respective tables. 

Referring to FIGS. 4 and 5, description is continued. The 
yZt-micromotion driver 33b of the side entry stage 33 is 
?tted in an opening formed through the front surface of the 
specimen chamber 31. The x-micromotion driver 33a is 
attached in the back of the specimen chamber 31 opposite to 
the yZt-micromotion driver 33b, and disposed in the holloW 
area 181a of the tilt shaft 181. The holloW area 181a of the 
tilt shaft 181 is siZed such that movements of the x-table 140, 
y-table 150, Z-table 160, tilt-table 180, and rotation table 170 
Will not cause these tables to come into contact With the 
x-micromotion driver 33a. 
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6 
A lock receiver 92 is provided through the Wall of the 

specimen chamber 31 in an upper region thereof, With a lock 
screW 94 being screWed into a female threaded opening 93 
of the lock receiver 92. The leading end of the lock screW 94 
presses the side plate 110b of the stage frame 110 of the 
specimen moving stage 100. O-rings 95, 96 provide a 
sealing structure betWeen the locking screW 94 and speci 
men chamber 100. The foregoing structure improves the 
anti-vibration property of the specimen moving stage 100, 
improves the accuracy of fabricating specimen, improves 
the observation resolution, and facilitates a search for a 
specimen cut-out position. 
The operation of the specimen moving stage 100 Will be 

described beloW With reference to FIGS. 4 and 5. FIG. 4 
shoWs the relationship betWeen the specimen moving stage 
100 and side entry stage 33 When the specimen 10 is 
processed With an ion beam. A?apper 97a is mounted on the 
side plate 180b of the tilt table 180. Assume that the tilt table 
180 is not tilted for simplifying the description. The Z-table 
160 has moved upWard, so that the leading end 97b of the 
x-micromotion driver 33a is lifted up by the ?apper 97a 
Which has also moved upWard. The TEM specimen holder 
34 stays at a position retracted from the yZt-micromotion 
driver 33b. The specimen 10 mounted on the TEM specimen 
holder 130 can be processed by a focused ion beam. An 
exemplary method of processing the specimen 10 With a 
focused ion beam Will be described later With reference to 
FIG. 9. 

FIG. 5 illustrates a miniature specimen piece cut out from 
the specimen Which has been transported from the SEM 
specimen holder 130 to the TEM specimen holder 34 after 
the focused ion beam processing. The Z-table 160 has moved 
doWnWard, so that the ?apper 97a, Which has also moved 
doWnWard, is spaced apart from the leading end 97b of the 
x-micromotion driver 33a. The miniature specimen piece 98 
cut out from the specimen 10 has been carried on the leading 
end of the TEM specimen holder 34. The x-micromotion 
driver 33a and yZt-micromotion driver 33b have been 
returned to their respective regular positions, With their 
leading ends being in contact With each other. 

Referring noW to FIG. 9, description Will be made on a 
method of creating a miniature specimen piece for obser 
vation by a TEM using the focused ion beam system of the 
present invention. The method of creating a miniature speci 
men piece is knoWn as a micro-sampling method. The 
focused ion beam system in this embodiment comprises the 
specimen moving stage 100 Which has the TEM specimen 
holder 34 and SEM specimen holder 130, so that a miniature 
specimen piece can be cut out from a specimen held by the 
SEM specimen holder 130 and transported to the TEM 
specimen holder 34. In this Way, the TEM specimen holder 
34, Which holds the specimen for observation by a TEM, is 
removed from the focused ion beam system and mounted in 
the TEM. 

First, the SEM specimen holder 130 Which carries the 
specimen 10 is inserted into the focused ion beam system 
through the SEM holder exchanger chamber 37, and 
mounted on the specimen moving stage 100. As illustrated 
in FIG. 4, the TEM specimen holder 34 stays at a retracted 
position. The x-table 140 and y-table 150 of the specimen 
moving stage 100 are moved to search for a site to be 
processed, and the rotation table 170 is driven to determine 
a direction in Which the specimen 10 is cut out. This and 
subsequent Works are done While observing a SIM image 
produced by detected secondary particles from the surface of 
the specimen 10 Which is irradiated With a focused ion beam. 
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FIG. 9(1) illustrates the planar structure of a surface of a 
specimen to be processed, and FIG. 9(2) illustrates the 
structure in cross section. As illustrated, the surface 51 of the 
specimen to be processed is irradiated With a focused ion 
beam to form four grooves 52, 53, 54, 55. Next, as illustrated 
in FIG. 9(2), a groove 56 is formed as tilted With respect to 
the processed specimen surface 51. First, the specimen is 
tilted using the tilt table 180 of the specimen moving stage 
100, and a shaded area 56 is irradiated With the focused ion 
beam for removal. Since the tilt table 180 is in eucentric 
structure, the processed target Will not disappear from the 
SIM image screen even if the tilt table 180 is tilted. After the 
processing, the tilt table is returned from its tilting posture 
such that the processed surface 51 of the specimen 10 is in 
a horiZontal orientation. 

The formation of the groove 56 results in an elongated 
columnar area 57 formed above the groove 56. As illustrated 
in FIG. 9(3), the columnar area 57 is connected to the 
specimen through a junction 57a. Next, the micro-sampling 
manipulator 35 is used to bring the leading end of a probe 
99 into contact With the columnar area 57. The deposition 
system 36 is used to deposit tungsten on a contact area 58 for 
adhesion. Next, as illustrated in FIG. 9(4), the junction 57a 
is irradiated With a focused ion beam for removal. Conse 
quently, the columnar area 57 is separated from the speci 
men, resulting in the formation of a miniature specimen 
piece 98, as illustrated in FIG. 9(5). 

The micro-sampling manipulator 35 is used to retract the 
probe 99 Which holds the miniature specimen piece 98. The 
Z-table 160 is moved doWn to retract the SEM specimen 
holder 130, Which holds the specimen 10, in a doWnWard 
direction. As illustrated in FIG. 5, the ?apper 97a moves 
doWn to bring the leading end 97b of the x-micromotion 
driver 33a into a horiZontal posture. Next, as illustrated in 
FIG. 5, the TEM specimen holder 34 is moved inWard into 
contact With the leading end 97b of the x-micromotion 
driver 33a, and ?xed thereto. 

Next, the micro-sampling manipulator 35 is used to insert 
the probe 99, Which holds the miniature specimen piece 98, 
into the specimen chamber 31. As illustrated in FIG. 9(6), 
the miniature specimen piece 98 held at the leading end of 
the probe 99 is placed on a mesh leading end of the TEM 
specimen holder 34. The deposition system 36 is used to 
deposit tungsten on a shaded area 66 to ?x the miniature 
specimen piece 98 on the TEM specimen holder 34. Next, as 
illustrated in FIG. 9(7), a focused ion beam is irradiated to 
an area 61 near the leading end of the probe 99 to cut off the 
leading end of the probe 99. 

Finally, the TEM specimen holder 34 is WithdraWn from 
the yZt-micromotion driver 33b, and mounted on the side 
entry stage 33 of the TEM for observation thereby. When a 
SIM image is observed, the energy of the focused ion beam 
is reduced to prevent damages to the specimen. 

While the foregoing description has been made on a 
method of fabricating a specimen for use With a TEM using 
the focused ion beam system of the present invention, the 
focused ion beam system of the present invention can also 
be used to fabricate a specimen for use With a SEM. 

While the present invention has been described above in 
connection With certain embodiment by Way of example, it 
should be understood by those skilled in the art that the 
present invention is not limited to the foregoing embodi 
ments but can be modi?ed in various manners Without 
departing from the scope of the invention as de?ned by the 
appended claims. 
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The present invention has the advantage of facilitating 

and simplifying Works involved in creating a specimen for 
use With a TEM and placing the specimen in a TEM 
specimen holder. 

Speci?cally, the Works can be readily and continuously 
carried out from the formation of a miniature specimen piece 
from an arbitrary area of a specimen piece having the siZe of 
several centimeters, extraction of the miniature specimen 
piece, transportation of the miniature specimen piece to the 
TEM specimen holder, and placement of the miniature 
specimen piece in the TEM specimen holder. Thus, the 
Works can be ef?ciently accomplished in a shorter time. 

Further, according to the present invention, a reduction in 
siZe of the specimen moving stage advantageously results in 
an improved anti-vibration property and an improved reso 
lution of the focused ion beam system to alloW the operator 
to efficiently progress the Works While vieWing a SIM image. 

Also advantageously, the focused ion beam system of the 
present invention can accurately fabricate a miniature speci 
men piece of a semiconductor device for observation. 

It should be further understood by those skilled in the art 
that although the foregoing description has been made on 
embodiments of the invention, the invention is not limited 
thereto and various changes and modi?cations may be made 
Without departing from the spirit of the invention and the 
scope of the appended claims. 

What is claimed is: 
1. A focused ion beam system comprising: 
a specimen chamber; 
an FIB column disposed in the specimen chamber; 
a SEM stage disposed in the specimen chamber and 

having a SEM specimen holder, 
a side entry stage and a TEM specimen holder disposed 

along an x-axis direction of said specimen chamber; 
and 

a micro-sampling manipulator and a SEM holder 
exchanger chamber disposed along a y-axis direction of 
said specimen chamber, Wherein; 

the SEM stage comprises: 
an x-table for moving a specimen in the x-direction; 
a y-table for moving the specimen in a direction 

perpendicular to the x-axis along a specimen plane; 
a Z-table for moving the specimen in a direction per 

pendicular to the specimen plane and perpendicular 
to the x-axis; 

a rotation table for rotating the specimen about an axis 
perpendicular to the specimen plane; and 

a tilt table for rotating the specimen about an axis 
parallel With the x-axis; 

the side entry stage comprises; 
an x-micromotion driver for moving said TEM speci 
men holder in the x-direction; and a yZt-micromotion 
driver for moving said TEM specimen holder in the 
Z-direction and in a tilted direction, Wherein the 
x-micromotion driver and the yZt-micromotion 
driver are disposed in said specimen chamber to 
oppose each other, and said x-micromotion driver is 
disposed in a holloW area de?ned in a tilt shaft for 
rotatably supporting said tilt table; 

the tilt table including a protrusive ?apper, said ?apper 
con?gured to come into abutment to a leading end of 
said x-micromotion driver as said Z-table moves up, 
causing the leading end of said x-micromotion driver to 
move up, said ?apper further con?gured to move aWay 
from the leading end of said x-micromotion driver as 
said Z-table moves doWn, causing the leading end of 
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said X-micromotion driver to be positioned in abutment 
to the leading end of said yZt-micromotion driver. 

2. A focused ion beam system comprising: 
a specimen chamber; 
an FIB column disposed in said specimen chamber; 
a SEM stage for holding a specimen, said SEM stage 

being in an eucentric structure having a tilt shaft; and 
a side entry stage loading With a TEM specimen holder in 

said specimen chamber; 
Wherein said side entry stage is disposed so that an aXis of 

said TEM specimen holder is substantially in parallel to 
an aXis of said tilt shaft of said SEM stage having said 
eucentric structure. 

3. A focused ion beam system according to claim 2, 
Wherein said side entry stage is disposed so that the aXis of 
said TEM specimen holder substantially coincides With said 
aXis of said tilt shaft of said SEM stage having said eucentric 
structure. 

4. A focused ion beam system according to claim 2, 
Wherein a holloW area is de?ned in a member forming said 
tilt shaft of said SEM stage having said eucentric structure 
and Wherein an aXis direction micromotion driver of said 
TEM specimen holder is disposed in said holloW area. 

5. A focused ion beam system according to claim 2, 
further comprising: 

a probe Which takes a miniature specimen piece from the 
specimen held on said SEM stage having the eucentric 
structure or said side entry stage; and 

a micro-sampling stage for driving said probe. 
6. A focused ion beam system according to claim 2, 

Wherein respective X-, y- and Z-tables of said SEM stage 
having the eucentric structure are incorporated in said speci 
men chamber. 

7. A focused ion beam system comprising: 
a specimen chamber; 
an FIB column disposed in said chamber; 
a SEM stage having an eucentric structure including a tilt 

shaft; 
a side entry stage loading With a TEM specimen holder; 
a probe Which takes a miniature specimen piece from a 

specimen held on said SEM stage having the eucentric 
structure or said side entry stage; and 
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a micro-sampling stage incorporated in said specimen 

chamber for driving said probe; 
Wherein said SEM stage having the eucentric structure 

includes a ?apper for causing a leading end of an aXis 
direction micromotion drive to move up, When a Z-table 
of said SEM stage is moved up along an optical aXis of 
said FIB column so that said ?apper hits against said 
leading end, and for putting said leading end back into 
place, When said Z-table moves doWn so that said 
?apper moves aWay from said leading end. 

8. A focused ion beam system comprising: 
a specimen chamber; 
an FIB column disposed in said specimen chamber; 
a SEM stage having an eucentric structure including a tilt 

shaft; 
a side entry stage; 
a probe Which takes a miniature specimen piece from a 

specimen held on said SEM stage having the eucentric 
structure or said side entry stage; 

a micro-sampling stage incorporated in said specimen 
chamber for driving said probe; and 

a lock screW for processing a stage frame for supporting 
respective X-, y- and Z-tables of said SEM stage having 
the eucentric structure at an upper portion of said 
specimen chamber. 

9. A method for processing a specimen for an electron 
microscope, said method comprising steps of: 

processing a specimen held on an SEM stage by a focused 
ion beam; 

separating a miniature specimen piece from said specimen 
by means of a probe; and 

?xing said miniature specimen piece on a TEM specimen 
holder mounted on a side entry stage. 

10. A method according to claim 9, further comprising a 
step of determining a direction in Which said specimen is cut 
out by driving said SEM stage so that a surface of the 
specimen to be observed by a TEM is substantially parallel 
to a tilt shaft of said SEM stage. 


